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(57) ABSTRACT 

In order to melt snoW and prevent freezing Without consum 
ing energy Wastefully and to monitor a road surface state 
remotely, a road surface sensor includes: a rotating stand 
provided so as to be reciprocatingly rotatable upward on the 
road surface; a snoW-melting/freeZing heat quantity mea 
surement dummy road surface having an electric heater 
buried therein and to use as a reference road surface for heat 
quantity measurement to derive a melting heat quantity for 
snoW falling on the surface and a heat quantity required for 
freezing prevention; a reference light irradiating/re?ected 
light receiving device that is attached so as to be rotatable 
With the rotating stand; a space re?ected light receiving 
device; a non-contact road temperature measuring device; a 
non-contact snoW cover depth measuring device; a road 
surface image pickup device; and a moisture sensor. The 
reference light irradiating/re?ected light receiving device 
includes a reference light irradiating device for irradiating 
reference light and a re?ected light receiving device for 
receiving re?ected light of the reference light from the road 
surface, and the re?ected light receiving device separates 
and receives only re?ected light of the reference light out of 

5,568,385 A * 10/1996 Shelton . . . . . . . . . . . . . . . . . .. 702/3 the re?ected light from the road surface' 
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Fig. 3 
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Fig. 4 
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ROAD SURFACE SENSOR AND 
MONITORING CONTROL METHOD FOR 

ROAD SURFACE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a road surface sensor that 

can con?rm a state of Weather/road surface/control in a 
remote location While performing automatic control for road 
snoW-melting by measuring a snoWfall and an amount of 
freezing as a heat quantity required for snoW-melting and a 
heat quantity required for freeZing prevention in a unit time 
period, measuring a state of distribution of drying, Wetting, 
snoW cover, snoW cover depth, and temperature on a road 
surface transversely in a non-contact manner, and combining 
the measured heat quantities and the state of road surface, 
and a method for control for snoW-melting and remote 
monitoring control using the road surface sensor. 

2. Related Art 
There are various types of snoW-melting facilities, Which 

are indispensable for life and industrial activities in snoW 
covered cold regions. In particular, Whereas the snoW 
melting facilities contribute to local economic activities 
signi?cantly, the snoW-melting facilities consume enormous 
thermal energy. When a situation coping With snoWfall and 
freeZing is examined in detail, heat is often supplied Waste 
fully in a control method using a sensor under the present 
situation. In addition, since a road surface is covered With 
snoW When snoWfall exceeding a snoW-melting capacity 
continues, there is a demand for a sensor for snoW-melting 
control having a complex function that can remotely monitor 
a change in Weather and a snoW-melting state While per 
forming control for reducing a heat quantity for snoW 
melting to the utmost limit and can also perform control 
from a remote location according to the state. 

In snoW-melting by road heating generally performed, a 
road surface is heated using electric heat, a heat pump, oil 
burning heat, or the like as a heat source. Reduction of 
carbon dioxide generated from the heat source is a global 
scale problem, and reduction of economical burdens pro 
portional to a consumed heat quantity is a problem as Well. 

In most of snoW-melting facilities for roads, a heat supply 
section and a temperature sensing section are buried about 
10 cm beloW a road surface, and a part about 10 cm beloW 
the road surface is Warmed to about 7° C. to prevent snoW 
cover and freeZing. In any case, control is centered on 
increasing temperature on the road surface and is not per 
formed based on a feedback of a result of snoW/melting and 
a result of freeZing prevention on the road surface. Thus, 
under the present situation, heat has to be supplied more than 
required, attaching importance on safety. 

In addition, the snoW-melting facilities are often designed 
based on a snoWfall per day for thirty years in the past of 
observation in local meteorological observatories. In gen 
eral, the snoW-melting facilities are designed based on a 
snoWfall depth per day occurring in object regions so as to 
cope With 80% of frequency of the occurrence. Most of the 
snoW-melting facilities are designed on condition that the 
snoW-melting facilities cannot cope With the remaining 
20%. 

The snoW-melting capacity set according to such design 
conditions, though it varies for each region, is about 48 cm 
as a snoWfall per day, Which is equivalent to about 2 cm as 
a snoWfall per hour. When a snoW-melting heat quantity for 
coping With the snoWfall is converted into electric poWer, a 
range of 150 W to 250 W per 1 m2 is a design value. 
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2 
In the design conditions, as an exposure ratio of a road 

surface, about 70 to 80% is believed to be sufficient. In other 
Words, snoW cover may remain in an area of 20 to 30% of 
a snoW-melting surface. As opposed to the capacity of the 
snoW-melting facilities coping With about 2 cm of snoWfall 
per hour designed under such conditions, actual snoWfall 
may be heavier and Weaker. In a result obtained by convert 
ing heat quantity values required for snoW-melting for every 
5 to 10 minutes, Which have been measured for several years 
in tWenty-three locations in the country, into a snoW cover 
depth per hour, snoWfall exceeding 2 cm occurs frequently, 
snoWfall equal to or more than 5 cm occurs often, and time 
during Which a snoW cover depth per hour is less than 2 cm 
is more than half of a total time during Which snoWfall 
phenomena occurred. 

In this Way, different results are obtained in the case in 
Which a snoWfall is observed by a unit of day and the case 
in Which a snoWfall is observed for a short time. Thus, in the 
conventional control, since snoWfall changing in this Way is 
controlled With 100% of the capacity of the snoW-melting 
facilities, Waste of a heat quantity occurs. Moreover, the 
conventional control method is described in detail as fol 
loWs. 

Three sensing elements including an air temperature 
sensor, a moisture sensor buried beloW a road surface, and 
a temperature sensor buried in the road about 10 cm beloW 
the road surface (hereinafter referred to as three element 
control are used as sensors. In the case in Which air tem 

perature is 2° C. or less and moisture is sensed, heat supply 
is started to keep temperature in the road about 10 cm beloW 
the road surface at about 8° C. so that snoW melting is 
carried out. If moisture is not sensed, heat supply for keeping 
the temperature in the road at about 4° C. is continued in 
order to prevent freeZing. 

This is because, as described above, since most of the 
snoW-melting facilities are designed to cope With about 2 cm 
in a snoWfall depth per hour in general and a thermal 
conductivity of a road surface material is relatively small, 
snoW cover of the design value of 2 cm/h cannot be melted 
unless temperature is risen to about 8° C. in the temperature 
sensor section in the case in Which the heat supply section 
is at the depth of about 10 cm. HoWever, since snoWfall 
changes from time to time, When Weak snoWfall continues, 
temperature on the road surface rises more than necessary, 
and the heat is often lost as heat of evaporation of melted 
Water. This results in Wasteful supply of heat. 

In addition, When heavy snoWfall exceeding the snoW 
melting capacity continues, snoW covers the road surface 
even if heat is supplied at full capacity. Then, since the 
control for freeZing prevention also sets the temperature 
sensor section to about 8° C., the heat is lost as heat of 
evaporation When the road surface is Wet, and the heat is lost 
in radiation and in the air to cause heat loss When the road 
surface is dry. 
The moisture sensor is provided in order to reduce such 

Wasteful heat. HoWever, since the moisture sensor is 
installed in a place Where Water tends to gather attaching 
importance on safety of an entire snoW-melting surface, 
moisture in a moisture electrode section of the moisture 
sensor is gone at a point When the entire snoW-melting 
surface has almost dries. Thus, there is a disadvantage that, 
considering the entire snoW-melting surface, surface tem 
perature on the road surface rises more than necessary, and 
there is a Waste of a heat quantity that is lost as heat of 
evaporation and radiant heat of moisture. 

Moreover, in the case in Which preheating operation is 
performed based on air temperature because time is required 
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from start of heat supply until temperature rising on the 
snoW-melting surface, surface temperature rises more than 
necessary and heat is supplied Wastefully in many hours. In 
addition, 70 to 80% is believed to be su?icient as a road 
surface exposure ratio in the design conditions. HoWever, in 
the control according to combination of snoWfall sensors, 
moisture sensors buried at various points and a temperature 
sensor, because a state of a snoW-melting road surface 
cannot be sensed so that a state of snoW cover distribution 

cannot be determined, and temperature in the road is kept at 
about 8° C. unconditionally. As a result, the road surface 
temperature rises more than necessary and snoW on the road 
surface is completely melted, and thus heat is supplied more 
than necessary. 

Moreover, it is necessary to secure safe driving of vehicles 
in the road snoW melting. Since it is necessary to remove 
snoW on a road surface When snoWfall exceeding the capac 
ity of the snoW-melting facilities continues for a long time, 
information on a state of snoW melting on the road surface 
is required. HoWever, the conventional snoW-melting con 
trol sensor does not have a function of measuring a road 
surface state and cannot provide information on the road 
surface state. 

SUMMARY OF THE INVENTION 

The conventional snoW-melting apparatus has problems 
as described above. The invention intends to solve these 
problems and it is an object of the invention to provide a 
road surface sensor that can measure a road surface state 

sequentially, perform snoW-melting and prevent freezing 
Without consuming energy Wastefully, and remotely monitor 
the road surface state Without performing patrol, and a 
monitoring control method for a road surface using the road 
surface sensor. 

In order to reduce enormous energy inputting to road 
surface snoW-melting on a road, to the utmost limit, a road 
surface sensor according to the invention is a road surface 
sensor for performing automatic control for road snoW 
melting by measuring a snoWfall and an amount of freeZing 
as a heat quantity required for snoW-melting and a heat 
quantity required for freeZing prevention, measuring a state 
of distribution of drying, Wetting, snoW cover, snoW cover 
depth, and temperature on a road surface transversely in a 
non-contact manner, and combining the measured heat 
quantities and a state of road surface, the road surface sensor 
including: a rotating stand that is provided so as to be 
reciprocatingly rotatable upWard on the road surface; a 
snoW-melting/freeZing heat quantity measurement dummy 
road surface having an electric heater buried therein and 
being used as a reference road surface for heat quantity 
measurement to derive a melting heat quantity for snoW 
falling on the surface and a heat quantity required for 
freeZing prevention; a reference light irradiating/re?ected 
light receiving device attached so as to be rotatable With the 
rotating stand; a space re?ected light receiving device; a 
non-contact road temperature measuring device; a non 
contact snoW cover depth measuring device; a road surface 
image pickup device; and a moisture sensor, Wherein the 
reference light irradiating/re?ected light receiving device 
includes a reference light irradiating device for irradiating 
reference light and a re?ected light receiving device for 
receiving re?ected light of the reference light from the road 
surface, and the re?ected light receiving device separates 
and receives only re?ected light of the reference light out of 
the re?ected light from the road surface. 

10 

15 

25 

35 

40 

45 

55 

65 

4 
The reference light irradiating device may include four 

sets of irradiation sources, each set having a condensing type 
high-intensity light-emitting diode combined With a con 
densing lens to irradiate reference light on the road surface 
to Which high-frequency modulation is applied. The 
re?ected light receiving device may be a device using a 
condensing type phototransistor Which is sensitive to the 
same Wavelength as a red Wavelength of the reference 
irradiated light, and a lens for condensing re?ected light on 
the light receiving device. 

In addition, a monitoring control method for a road 
surface according to the invention includes the above men 
tioned road surface sensor and a signal converter to change 
various measurement values measured by the road surface 
sensor into signals, performs snoW-melting control by com 
bining respective measurement results, transmits a road 
surface image for con?rming the information on the mea 
surement results and a snoW-melting state as images, and 
receives an operation stop signal from an information 
receiving side. 
An amount of energy consumed in snoW-melting can be 

reduced When snoWfall is less than a snoW-melting capacity 
and When a heat loss caused at the time of a preheating 
operation and a freeZing preventing operation is controlled. 
Thus, the road surface sensor of the invention measures a 
change in the Weather as a heat quantity required for 
snoW-melting and a heat quantity required for preventing 
freeZing separately, measures a road surface state about all 
items of drying/Wetting/snoW cover according to a road 
surface light re?ection value, road surface temperature, road 
surface snoW cover depth, and presence or absence of 
vehicles in a non-contact manner linearly and transversely 
on a road surface, speci?es places Where a set value is 
exceeded from a state of road transverse change for each of 
the measured items, and represents the measured items in 
numerical values as a distribution ratio With respect to the 
entire road surface. 

Here, items to be measured by the sensor, set contents, 
and the like are as described beloW. A measurement fre 
quency is set arbitrarily in a range of 5 to 15 minutes and is 
adopted as a unit time for measurement. In principle, a road 
surface state is measured for each unit time based on the 
hour. 

[Weather Measurement Item] 
(1) SnoWfall intensity measurement and judgment on a 

snoWfall phenomenon according to a snoW particle count 
ing (hereinafter referred to as snoWfall intensity) 

(2) Measurement of a heat quantity required for melting 
snoWfall (hereinafter referred to as snoW-melting heat 
quantity) 

(3) Measurement of a heat quantity required for preventing 
freeZing (hereinafter referred to as freeZing heat quantity) 

(4) Air temperature measurement (hereinafter referred to as 
air temperature) 

(5) Measurement of presence or absence of rain from the sky 
or moisture of melted snoW (hereinafter referred to as 
moisture sensing) 
As a method of heat quantity measurement, a disc-shaped 

dummy road surface With a siZe of about 1/30 m2, in Which 
an electric heater for heat quantity measurement is buried 
and a loWer surface of Which is thermally insulated such that 
heat of the heater is transmitted uniformly to an upper 
surface thereof, is adopted as a reference surface, and a 
melting heat quantity for snoW falling on the surface and a 
heat quantity required for preventing freeZing are converted 
into a heat quantity per 1 m2/one minute. 
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[Facility Capacity Setting] 
A snoW-melting facility sets a heat quantity of 1 

m2/minute as a facility capacity value that effectively acts on 
a snoW-melting surface based on a heat supply amount per 
1 m2 set in the design. For example, When a design value is 
200 W/m2, the heat quantity is 860 kcal><0.2+60=2866 cal. 
However, When it is assumed that a heat quantity effectively 
acting on the snoW-melting surface is 90%, the facility 
capacity is set as 286 cal><0.9=2579 cal/m2~minute. 

[Facility Capacity Control Value and Heat Balance Control] 
A facility capacity control value is a value for comparing 

a measured snoW-melting/freeZing heat quantity and a facil 
ity capacity set value and variably controlling the facility 
capacity in a range of 0 to 100% for every unit time for 
measurement. In order to supply a value equal to the 
measured snoW-melting/freeZing heat quantity to the snoW 
melting surface, a facility capacity value set in advance and 
a measured heat quantity value are compared, and if the 
facility capacity value is equal to or larger than the measured 
heat quantity, control operation is performed. If the facility 
capacity value is smaller than the measured heat quantity, 
control of 100% is outputted, but insu?iciency of a heat 
quantity occurs. This insu?iciency of the heat quantity is 
added to a snoW-melting/freeZing heat quantity value to be 
measured neXt to obtain a necessary heat quantity. When this 
necessary heat quantity and the facility capacity set value are 
compared, and if a heat quantity is still insu?icient, the 
insu?iciency is added to a snoW-melting/freeZing heat quan 
tity to be measured neXt. 

In this Way, a heat quantity equal to a heat quantity 
measurement value for snoWfall/freeZing is continuously 
applied to the snoW-melting surface, and if an insu?icient 
heat quantity remains after a snoWfall/freeZing heat quantity 
is ?nished, the heat quantity is supplied to the road surface 
to stop the control. The series of operations are referred to 
as heat balance control. 

[Facility Capacity LoWer Limit Setting] 
When the facility capacity control value is small in 

performing the heat balance control, supplied heat does not 
function effectively. Accordingly, a facility capacity loWer 
limit setting is provided, and control is performed by a 
method of supplying heat With a loWer limit value if control 
capacity is loWer than the setting. A usual facility capacity 
loWer limit setting value is set in a range of 20 to 50%. 

[Items of Measurement of a Road Surface State With a 
Transverse Distribution Ratio] 
(1) Irradiate reference light on a road surface to judge 

distribution ratios of drying/Wetting/snoW cover accord 
ing to a measurement value of light re?ection intensity of 
the reference light (hereinafter referred to as drying 
distribution, Wetting distribution, and snoW cover distri 
bution, respectively) 

(2) Measurement of a road surface temperature distribution 
(hereinafter referred to as road temperature distribution) 

(3) Measurement of a road surface snoW cover depth dis 
tribution (hereinafter referred to as snoW cover depth 

distribution) 
(4) Measurement of passing vehicle height as an approXi 

mate numeral (hereinafter referred to as vehicle judg 
ment) 

(5) Road surface state image (hereinafter referred to as road 
surface image) 
As a method of distribution measurement, a circle With a 

diameter of about 15 cm is set as a measurement point, and 
a road surface is sectioned equally by an arbitrarily set 
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6 
number in a range of 50 to 100 points While moving the 
measurement point in a direction crossing the road. As a 
measurement of a passing vehicle height, a value of re?ected 
reference light irradiated on the road surface and re?ected in 
a space above the road surface is distinguished in three 
stages of height to judge presence or absence of a vehicle 
passing on the road and height of the vehicle. 

Automatic Control for SnoW-Melting and FreeZing Preven 
tion According to Combination of Measurement Items, 
Information Transmission, etc. 

[FreeZing Prevention Control] 
If a freeZing heat quantity occurs, a road temperature 

distribution ratio at 1° C. or less is 50% or more and a 
Wetting distribution ratio is 50% or more, the heat balance 
control is performed (setting of temperature and percentage 
can be changed arbitrarily). When the road temperature or 
the Wetting distribution ratio exceeds the set value during the 
heat balance control, the heat balance control is neglected 
and stopped. Even if there is no measurement value of a 
freeZing heat quantity, if the road temperature distribution 
ratio at 1° C. or less is 50% or more and the Wetting 
distribution ratio is 50% or more, a heat quantity is supplied 
at 100% of the facility capacity (setting of temperature and 
percentage can be changed arbitrarily). 

[Method of SnoW-Melting Control] 
In a state in Which the road temperature distribution ratio 

at 1° C. or less is 50% or more, if a snoW-melting heat 
quantity occurs, the heat balance control is performed (set 
ting of temperature and percentage can be changed arbi 
trarily). If the road temperature distribution ratio eXceeds the 
setting during the heat balance control, the heat balance 
control is stopped. When the road temperature distribution 
ratio at 1° C. or less is 50% or more and the road surface 
snoW cover distribution ratio is 30% or more, snoW melting 
is started. When these ratios are loWer than the setting, the 
control is stopped (setting of temperature and percentage can 
be changed arbitrarily). 

[Remote Monitoring Control Function] 
Values measured at every 5 to 15 minutes and road surface 

images are transmitted as information to the outside using 
RS232C and a computer netWork, and an operation stop 
signal from an information receiving side is received. 

[Recording Function for a Measurement Value] 
Values measured at every 5 to 10 minutes and states of 

judgment are stored in the sensor, and the information can be 
fetched arbitrarily. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a front vieW shoWing an operation state of a road 
surface sensor according to an embodiment of the invention; 

FIG. 2 is a side vieW of the operation state of the road 
surface sensor; 

FIG. 3 is a plan vieW of the operation state of the road 
surface sensor; 

FIG. 4 is a front vieW shoWing a reference light irradiating 
and re?ected light receiving device of the road surface 
sensor; 

FIG. 5 is a side vieW shoWing the reference light irradi 
ating and re?ected light receiving device; 

FIG. 6 is a side vieW shoWing a state of road surface 
re?ected light measurement; and 

FIG. 7 is a diagram shoWing a ?oW of reference light 
irradiation and re?ected light reception. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

FIG. 1 shows an embodiment of a road surface sensor in 
accordance With the invention. A road surface sensor 10 is 
set on a tip portion of a support arm 2 that sticks out 
horizontally toWard the center of a road from a place equal 
to or higher than 5.5 meters of a support pole 1 provided on 
a road shoulder. The road surface sensor 10 includes a 
rotating stand 11 attached on the support arm 2 so as to be 
reciprocatingly rotatable horiZontally in a range of 330 
degrees, a group of sensors that are attached to the rotating 
stand 11, and a signal converter 13 attached to a loWer part 
of the support pole 1. The group of sensors include a 
snoW-melting/freeZing heat quantity measurement dummy 
road surface 12 attached to a head of the rotating stand 11, 
a reference light irradiating/re?ected light receiving device 
14, a space re?ection receiving device 15, a non-contact 
road temperature measuring device 16, a non-contact snoW 
cover depth measuring device 17, a road surface image 
pickup device 18, and a moisture sensor 19 attached to sides 
of the rotating stand 11 so as to be rotatable With the rotating 
stand. 

The signal converter 13 has functions of changing mea 
surement values such as presence or absence of moisture of 
rain or snoW, temperature, snoWfall intensity, snoW-melting 
heat quantity, freeZing heat quantity, road temperature dis 
tribution, drying distribution, Wetting distribution, snoW 
cover distribution, and vehicle judgment measured by the 
group of sensors to signals, performing control for snoW 
melting by combining respective measurement results based 
on the measurement values, transmitting a road surface 
image for con?rming the information and a state of snoW 
melting as images, and receiving an operation stop signal 
from an information receiving side. 

The snoW-melting/freeZing heat quantity measurement 
dummy road surface 12 ?xed to the head of the rotating 
stand 11 rotates With the rotating stand 11. HoWever, the 
snoW-melting/freeZing heat quantity measurement dummy 
road surface 12 does not alWays have to rotate and may be 
attached so as not to rotate. On the other hand, the reference 
light irradiating/re?ected light receiving device 14, the space 
re?ection receiving device 15, the non-contact road tem 
perature measuring device 16, the non-contact snoW cover 
depth measuring device 17, the road surface image pickup 
device 18, and the moisture sensor 19 attached to the sides 
of the rotating stand 11 are required to rotate in order to 
measure distribution states of drying, Wetting, snoW cover, 
snoW cover depth, and temperature on a road surface trans 
versely in a non-contact manner and are set at an angle of 45 
degrees With respect to the road surface. HoWever, this angle 
can. be changed arbitrarily as required. 

FIGS. 4 and 5 shoW the reference light irradiating/re 
?ected light receiving device 14. The reference light irradi 
ating device uses a condensing type high-intensity light 
emitting diode (LED) 14a1 for irradiating reference light on 
the road surface and irradiates reference light SL, to Which 
high-frequency modulation is applied, on a snoW covered 
surface at a distance to the road surface of about 10 m and 
an irradiation angle of 45 degrees (see FIG. 6). Since 
sufficient re?ected light RL is not acquired With a light 
quantity of a single LED, the reference light irradiating 
device uses four LEDs 14a1 and four condensing lenses 14a 
for irradiation of reference light. As shoWn in FIG. 5, 
although the condensing type LED (LED With a lens) emits 
light forWard in a conical shape having an angle of 20 
degrees, the light disperses at a distance of 10 m, and When 
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8 
the sunlight or strong arti?cial light is irradiated on the road 
surface, separation of the re?ected light RL becomes impos 
sible. Thus, a method of condensing the light of the LED 
With the lens 14a again and focusing the light of the four 
LEDs at one point IP on the road surface is adopted. 

In general, in the case in Which high light density is 
required, a laser beam is used, hoWever, since the laser beam 
has a pinpoint irradiation area, there is a disadvantage that 
re?ection from each pebble of a road surface paving material 
is caught. Thus, the light of the LEDs Was condensed by the 
lenses and irradiated on the road surface to have a reference 
light irradiation point With an area of about 15 cm in 
diameter, and average re?ected light of the entire light 
irradiate surface Was used. 

In the daytime, light irradiated on the road surface 
includes direct sunlight, and it is necessary to separate only 
the re?ected light RL of the reference irradiated light SL 
from the light. Thus, a condensing type phototransistor With 
a lens sensitive to the same Wavelength as a red Wavelength 
of the reference irradiated light SL is used, and a lens 14b for 
condensing the re?ected light RL to a light receiving device 
14b1 Was provided in the re?ected light receiving device 
(See FIG. 5). When the sunlight is irradiated on the snoW 
covered road surface, the light receiving device 14b1 satu 
rates to lose a sensing ability. Thus, a diameter of the lens 
14b Was reduced to avoid the saturation, and a red optical 
?lter 14b2 for removing a light component shorter than a 
Wavelength to be sensed Was further provided. 

In addition, a signal ampli?cation degree of the re?ected 
light receiving device varied and a re?ection signal became 
unstable at the midnight When there Was no sunlight and in 
the daytime When there Was sunlight. In order to overcome 
this problem, a sunlight correction LED 14b3 is provided in 
the re?ected light receiving device such that a constant light 
quantity is alWays made incident on the re?ected light 
receiving device (see FIG. 7), and a DC voltage constant 
control circuit DCS Was provided to perform current control 
for the re?ected light receiving device such that a constant 
light quantity Was alWays made incident on the re?ected 
light receiving device 14b1. 

Moreover, a band pass ?lter 14b4 is provided for prevent 
ing in?uence on a re?ection signal in terms of frequency due 
to arti?cial light such as a street lamp (discharge lamp), and 
only a re?ected light signal of a reference light is eXtracted 
stably through a recti?er circuit 14b5 (see FIG. 7). Inciden 
tally, pre-ampli?cation is performed in an AMP1 in FIG. 7, 
and synchronous ampli?cation is performed in an AMP2. A 
value of the synchronous ampli?cation Was adjusted in a 
range of 500 to 1000 times such that a reference light 
re?ected signal Was 0 to 10 V, and 10 V Was obtained at the 
time of snoW cover. As a result of the adjustment, a re?ection 
value at the Wet time on a measured asphalt road surface Was 
about 0.5 V, Which Was in a range of 0.9 to 1.1 V at the dry 
time, and Was in a range of 1.5 to 2.0 V on Wet snoW. The 
values Were usable as basic values for judging drying/ 
Wetting/Wet snoW/snoW cover on the road surface. 

The space re?ected light receiving device 15 is consti 
tuted like the re?ected light receiving device 14, and dis 
solves an electric signal of a light receiving device, Which 
distinguishes only a re?ection quantity of a reference light 
from the sunlight, the street lamp, and the like, by 10 bits to 
change the electric signal to numerical values, judges dis 
tinction of a road surface RD and a vehicle AM, and has a 
count function for counting the number of vehicles passed. 
The non-contact road temperature measuring device 16 is 

housed in a sensor case, Which keeps a thermostatic state, 
such that the non-contact road temperature measuring device 
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16 can Withstand the intense Winter Weather such as snoW 
and freezing, to be allowed to perform measurement at 
stable accuracy even under the environment of 20° C. beloW 
freezing point. Like the non-contact road temperature mea 
suring device 16, the non-contact snoW cover depth mea 
suring device 17 is housed in a sensor case to be alloWed to 
perform measurement at stable accuracy even under the 
environment of 20° C. beloW freezing point. 

The road surface image pickup device 18 uses a TV 
camera or a digital camera of an eXisting technique and is 
housed in a sensor case that is used like as a thermostatic 
bath. Image data is processed for exclusive use by the sensor 
such that the image data can be integrated With the respec 
tive measured data and used as information. The tWo mois 
ture sensing devices 19 are arranged on an upper surface 
outside the sensor case and have a pattern of a print board 
for electric circuit formed in a shape of a comb to sense 
moisture of snoW or rain according to a change in electric 
resistance. 

The snoW-melting/freezing heat quantity measurement 
dummy road surface 12 has an electric heater for heat 
quantity measurement buried in a disc-shaped dummy road 
surface With a size of about 1/30 m2 and thermally insulates 
a loWer surface thereof such that heat of the heater is 
transmitted uniformly to an upper surface thereof. The 
snoW-melting/freezing heat quantity measurement dummy 
road surface 12 adopts the dummy road surface as a refer 
ence surface and converts a melting heat quantity for snoW 
falling on the surface and a heat quantity required for 
freezing prevention into a heat quantity per 1 m2/one minute. 

The group of sensors performs measurement of respective 
items according to a method described beloW. 

[Measurement of SnoWfall Intensity] 
By using the function of a space re?ection height H of the 

space re?ected light receiving device 15 (see FIG. 1), a 
range of upper and loWer limits is provided for a re?ection 
value that instantly changes at the time When a snoW particle 
passes, and a snoW particle is counted as a snoW particle if 
a re?ection value is Within the range of a re?ection value and 
the snoW particle is Within time setting of a passing snoW 
particle. The snoW particle passing time can be set arbitrarily 
in a range of 0.0005 to 0.099 seconds. In the embodiment, 
the snoW particle passing time is set to 0.0015 seconds. More 
speci?cally, a snoW particle is counted in a state in Which 
conditions of air temperature of 3° C. or less and heat 
quantity measurement dummy road surface temperature of 
2° C. or less are satis?ed. 

Judgment for snoWfall can be set in a range of the number 
of snoW particles of 3 to 9 per 1 minute. If the number of 
snoW particles eXceeds a set value, it is judged as snoWfall, 
and the counted value represents the intensity of snoWfall 
(the number of snoW particles is set to 3 in the embodiment). 
Since a value of space re?ection due to passage of a vehicle 
and time duration thereof are signi?cantly different from the 
value and the time duration due to a snoW particle, the 
vehicle and the snoW particle can be distinguished (the set 
numbers represented here can be changed arbitrarily). 

Only a light re?ection signal due to a snoW particle sensed 
by the light receiving device 15 With the space re?ection 
height H is distinguished and counted. Thus, there is an 
advantage that a separate sensor for sensing a snoW particle 
is not required, and a signal re?ected by a snoW particle can 
be distinguished and obtained from a signal of the space 
re?ection height H. 

Since an area of the space re?ection height H is dose to 
a base from Which irradiated reference light spreads in a 
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10 
conical shape toWard the road surface, the space re?ection 
height H is in an area Where light re?ection by a snoW 
particle can be sensed. In addition, a light re?ection signal 
due to passage of a vehicle and a light re?ection signal due 
to a snoW particle can be easily separated because a form of 
change in re?ection intensity and re?ection time are differ 
ent in both the signals. This separation function is eXclu 
sively developed to be incorporated in the sensor. 

[Measurement of a SnoW-Melting Heat Quantity] 
A heat quantity Which is required for keeping the surface 

temperature of the snoW-melting/freezing heat quantity 
measurement dummy road surface 12 at 15° C. in a state in 
Which there is moisture sensing or snoWfall sensing, is 
assumed to be a snoW-melting heat quantity (temperature 
setting can be changed arbitrarily). 

[Measurement of a Freezing Heat Quantity] 
A heat quantity, Which is required to keep the surface 

temperature of the snoW-melting/freezing heat quantity 
measurement dummy road surface 12 at 05° C. in a state in 
Which there is no moisture sensing or snoWfall sensing, is 
assumed to be a freezing heat quantity (temperature setting 
can be changed arbitrarily). 

[Method of Measuring a Road Surface State With a Trans 
verse Distribution Ratio] 
As shoWn in FIG. 3, as the rotating stand 11 rotates, a 

measurement point P on the road surface RD to be measured 
by the reference light irradiating/re?ected light receiving 
device 14, the space re?ection receiving device 15, the 
non-contact road temperature measuring device 16, the 
non-contact snoW cover depth measuring device 17, the road 
surface image pickup device 18, and the moisture sensor 19 
moves in an arc shape transversely on the road surface, 
Whereby measurement of a road surface state is performed. 
The arc line is equally divided into 100 points, and respec 
tive measurement values are dissolved by 10 bits and 
changed to numerical values for each divided point (the 
number of divisions can be set arbitrarily in a range of 50 to 
100). Rotation speed of the rotating stand 11 is set to about 
0.5 minutes With respect to a rotation angle of 180 degrees. 
As described before, the measurement is set to perform at 
every ten minutes in a range of 5 to 15 minutes. Aposition 
of the rotating stand 11 at the time When the rotting stand 11 
stops can be set arbitrarily at a position Where vehicle 
judgment can be sensed easily. 

[Distinction of a Road Surface and a Vehicle and a Method 
of Counting Vehicles] 

Since measurement of a road surface state cannot be 
performed While a vehicle AM is in the measurement road 
surface RD, it is necessary to distinguish the vehicle AM and 
the road surface RD. It is judged by the space re?ected light 
receiving device 15 that the vehicle AM has entered the 
measurement road surface RD using space re?ection high H, 
space re?ection medium M, and space re?ection loW L 
shoWn in FIGS. 1 and 3. Height of the vehicle AM can be 
distinguished from a result of measurement of three kinds of 
space re?ections, high H, medium M, and loW L, and the 
number of vehicles passed can also be counted. 

[Control of SnoW-Melting/Freezing Prevention] 
Since a state of a road surface is caused by a change in 

Weather, a heat quantity that the road surface has varies from 
time to time due to solar irradiation in the daytime. Thus, 
temporal difference occurs in the start of snoW cover and 
freezing. 
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Timing that snoW melting starts depending on such dif 
ference in a heat quantity of a road surface is determined by 
measurement of a road surface state, and the heat balance 
control is performed for a supplied heat quantity for snoW 
melting based on the measured snoW-melting heat quantity 
and freeZing heat quantity. The detailed control is performed 
as described beloW. 

If a road surface temperature distribution ratio at 1° C. or 
less is 50% or more and a heat quantity for snoW melting or 
freeZing is measured, operation for snoW melting is started 
and a heat quantity is supplied by the heat balance control. 
During the heat balance control or in the case in Which a 
snoW cover distribution ratio has exceeded 20% even if there 
is no heat quantity measurement value, snoW melting is 
performed With 100% of the capacity of the snoW-melting 
facility. In addition, in the freeZing prevention control, the 
heat balance control is performed in the case in Which the 
road surface temperature distribution ratio at 1° C. or less is 
50% or more and a Wetting distribution ratio is 50% or more, 
and in the case in Which there is not heat quantity measure 
ment value, a snoW-melting heat quantity is supplied With 
100% capacity. In the case in Which a vehicle stops on the 
road surface and a ratio of the road surface blocked by the 
vehicle and unable to be observed is more than 40%, control 
by road surface observation is stopped, and operation is 
performed by the heat balance control. 

[Result of Energy Saving by Carrying out Snow-Melting] 
When automatic operation Was performed using the road 

surface sensor in accordance With the invention, a heating 
value Was 175 W/m2 in electric snoW melting. 

In order to con?rm a degree of energy saving, control by 
the conventional sensor of the three element control Whose 
a facility Was completed about ?fteen years ago, and control 
by the sensor according to the invention Were simulta 
neously performed by dividing the site into tWo parts 
considering that ambient conditions of the respective snoW 
melting surfaces be equal. As a result, an electric heat value 
supplied for snoW-melting/freeZing prevention from Dec. 1, 
2002 to the end of February, 2003 Was found to be only 45% 
in the control by the sensor of the invention compared to the 
conventional three element control, and energy saving of 
55% Was attained. 

[Remote Monitoring Control using Information] 
As a result of judging a road surface state by transmitting 

all pieces of information measured by the road surface 
sensor and control information for snoW-melting as Well as 
road surface images to a control room 700 km aWay via the 
Internet, it Was proved that a situation in Which start and stop 
of snoW-melting are performed appropriately and a state in 
Which snoW covers a road surface at the time of snoWfall 
exceeding a snoW-melting capacity could be dearly judged 
through measurement data and images, necessity for snoW 
removal could be indicated from a distribution state of road 
surface snoW cover depth and an instruction for spreading a 
freeZe proo?ng agent could be indicated from planarity and 
temperature of a snoW covered surface. Furthermore, even in 
the case in Which snoW Was brought onto a snoW-melting 
road surface When it Was ?ne and hot and snoW Was not 
expected, it could be judged With the remote monitoring 
control function that abnormal road surface snoW cover 
occurred to issue Warning and a snoW cover state could be 
judged dearly With road surface images, and arti?cial backup 
control from a remote location could be coped With. 
As described above, the road surface sensor of the inven 

tion has a structure in Which the reference light irradiating/ 
re?ected light receiving device, the space re?ection receiv 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
ing device, the non-contact road temperature measuring 
device, the non-contact snoW cover depth measuring device, 
the road surface image pickup device, the snoW-melting/ 
freeZing heat quantity dummy road surface, and the moisture 
sensor are integrally formed on the rotating stand, and the 
rotating stand is rotated reciprocatingly. Advantages as 
described beloW can be obtained. 
The road surface sensor in accordance With the invention 

can observe a Weather situation, a state of a road surface, and 
a How end road surface state of sprinkled and melted snoW 
on a real time basis. Therefore, accurate snoW-melting 
operation management can be realiZed, a road surface state 
can be grasped accurately, and it becomes possible to 
perform snoW removal and freeZing preventive Work in a 
timely manner. As a result, a road surface state can be 
measured sequentially to perform snoW melting and prevent 
freeZing Without consuming energy Wastefully. 

Further, the Weather situation, the road surface state, and 
the How end road surface state observed by the sensor can 
be sent to a remote location, and a snoW-melting device and 
a road surface freeZing preventing device can be operated 
from the remote location. Compared With the case in Which 
a Weather situation and a road surface state are grasped by 
patrol as in the past, there is no blank time, objective 
judgment based on predetermined criteria is performed, and 
personnel expenses required for the patrol can be reduced. 
What is claimed is: 
1. Aroad surface sensor for performing automatic control 

for road snoW-melting by measuring a snoWfall and an 
amount of freeZing as a heat quantity required for snoW 
melting and a heat quantity required for freeZing prevention 
in a unit time period, measuring a state of distribution of 
drying, Wetting, snoW cover, snoW cover depth, and tem 
perature on a road surface transversely in a non-contact 
manner, and combining the measured heat quantities and the 
state of road surface, the road surface sensor comprising: 

a rotating stand provided so as to be reciprocatingly 
rotatable upWard on the road surface; 

a snoW-melting/freeZing heat quantity measurement 
dummy road surface having an electric heater buried 
therein and to be used as a reference road surface for 
heat quantity measurement to derive a melting heat 
quantity for snoW falling on the surface and a heat 
quantity required for freeZing prevention; 

a group of sensors attached to the rotating stand so as to 
be rotatable together, the sensors consisting of: 

a reference light irradiating/re?ected light receiving 
device; 

a space re?ected light receiving device; 
a non-contact road temperature measuring device; 
a non-contact snoW cover depth measuring device; 
a road surface image pickup device; and 
a moisture sensor, Wherein 
the reference light irradiating/re?ected light receiving 

device includes a reference light irradiating device for 
irradiating reference light and a re?ected light receiving 
device for receiving the re?ected light of the reference 
light from the road surface, and the re?ected light 
receiving device separates and receives only re?ected 
light of the reference light out of the re?ected light from 
the road surface. 

2. Aroad surface sensor according to claim 1, Wherein the 
reference light irradiating device includes four sets of irra 
diation sources, each set having a condensing type high 
intensity light-emitting diode combined With a condensing 
lens to irradiate reference light on the road surface to Which 
high-frequency modulation is applied, and the re?ected light 
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receiving device includes a condensing type phototransistor 
Which is sensitive to same Wavelength as a red Wavelength 
of the reference irradiated light, and a lens for condensing 
re?ected light on the light receiving device. 

3. Amonitoring control method for performing automatic 
control for road snoW-melting in a remote location by 
measuring a snoWfall and an amount of freezing as a heat 
quantity required for snoW-melting and a heat quantity 
required for freeZing prevention in a unit time period, 
measuring a state of distribution of drying, Wetting, snoW 
cover, snoW cover depth, and temperature on a road surface 
transversely in a non-contact manner With a road surface 
sensor, and combining the measured heat quantities and the 
state of road surface, Wherein the road surface sensor 
comprises: 

a rotating stand provided so as to be reciprocatingly 
rotatable upWard on the road surface; 

a snoW-melting/freeZing heat quantity measurement 
dummy road surface having an electric heater buried 
therein and to be used as a reference road surface for 
heat quantity measurement to derive a melting heat 
quantity for snoW falling on the surface and a heat 
quantity required for freeZing prevention; 

a group of sensors attached to the rotating stand so as to 
be rotatable together, the sensors consisting of: 

5 

15 

14 
a reference light irradiating/re?ected light receiving 

device including a reference light irradiating device for 
irradiating reference light and a re?ected light receiving 
device for receiving the re?ected light of the reference 
light from the road surface, and the re?ected light 
receiving device separates and receives only re?ected 
light of the reference light out of the re?ected light from 
the road surface; a space re?ected light receiving 
device; a non-contact road temperature measuring 
device; a non-contact snoW cover depth measuring 
device; a road surface image pickup device; and a 
moisture sensor; and 

a signal converter to change values measured by the 
respective sensors to signals, and 

the road surface sensor performs snoW-melting control by 
combining respective measurement results, transmits a 
road surface image for con?rming the information on 
the measurement results and a snot-melting state as 
images, and receives an operation stop signal from an 
information receiving side. 


